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Improvement of the particle pumping efficiency in the 
cryosorption pump installed in the Closed Helical Divertor 
(CHD) region is an urgent task in LHD. Thus, a new 
cryosorption pump, in which no water cooled blinds for 
shielding liquid nitrogen (LN2) cooled components, is 
proposed. The pumping efficiency in the new pump is 
calculated by a three-dimensional neutral particle transport 
simulation code (EIRENE).1)
A cross section of the new cryosorption pump
installed in the most inboard side of the torus, is illustrated
in Figure 1. A LN2 cooled panel is mounted at the central 
part behind a dome structure. Components cooled by LN2
with blind plates for taking in neutral particles are installed 
at the back side of the dome. Two cryosorption panels 
cooled by gas helium are covered with LN2 cooled 
components. The blinds are aligned so as not to expose the
panels to the divertor plasma and components with room
temperature (>300K). The LN2 cooled panel installed in the 
central part has a role for minimizing the number of the LN2
cooled blinds, and it can shade the blinds from divertor 
plates which temperature can be heated up to more than 
1,000K in plasma discharges. By installing the cryosorption 
panel and the LN2 cooled components along the back side of
the dome, water cooled blinds for protection of the 
cryosorption panel and the LN2 cooled components from 
radiation emitted from the divertor plates is not needed. It is
effective for enhancing the pumping efficiency.
Figure 2 shows a three-dimensional model of the new
pump for the neutral particle transport simulation code. 
Simplified pumping structures only in the right half part are
considered in this model, which includes a divertor plate 
and vacuum walls in the inboard side of the torus. Thin 
colored lines in the model indicate the calculated trajectories 
of test particles which represent neutral particles (hydrogen
molecules and atoms) in this simulation. The neutral particle 
density and temperature in each grid are derived from the 
total path lengths of the test particles in the grid cell in the 
model. In this simulation, test particles (hydrogen 
molecules) are released from the lower half part of the 
surface on the divertor plate with a velocity which kinetic 
energy corresponds to 1,000K.
The left, near and back sides of the model are treated 
as mirror plates to simulate all the pumping structures, and 
the top side of the model is set as an exit for the test 
particles. It is assumed that the particle reflection rate on the 
both side of the cryosorption panels is 0.0 (absorption), and 
that on the other components is 1.0 (reflection). In this
model, the divertor plasma (the plasma density: ne=1
1013cm-3, and the electron/ion temperature: Te,i=30eV) is 
distributed from the surface of the lower half of the divertor 
plate to over the top of the dome structure.
The calculated particle pumping efficiency and the 
density profile of neutral hydrogen molecules for the 
original and the new pump are shown in Figure 3. The 
pumping efficiency is defined as IHe/IDiv, where IHe is the 
current of the test particles reaching the cryosorption panel, 
and IDiv is that released from the divertor plate. The 
simulation shows that the pumping efficiency in the newly 
designed pump (0.066) is higher than that in the original 
pump (0.025) by more than a factor of two.
Fig. 1. A cross section of the structure of the new 
cryosorption pump for the closed helical divertor.
Fig. 2. A three-dimensional model of the newly 
designed pump for neutral particle transport simulation.
Fig. 3. The density profiles of neutral hydrogen 
molecules in the original (b) and the new pump (b).
1) Reiter, D. et al.: Fusion Sci. Technol. 47 (2005) S1106.
 
 
Tungsten is potential candidate for an armor of the 
first wall and the divertor plate of the fusion reactor because 
of its low erosion yield and good thermal properties. Joint 
material with tungsten and cooling channel will be used as 
the divertor plate. Cu is one of high thermal conductivity 
material for the cooling channels. In the fiscal year, mock-
ups have been fabricated by jointing of tungsten and Cu and 
high heat loading experiments for the mock-ups have been 
carried out under active cooling condition. 
Tungsten used in the present works were fine-
grained tungsten (ST-1) and coarse-grained tungsten (ST-2) 
made by NIPPON TUNGSTEN CO.,LTD. Mock-ups were 
fabricated by jointing four W rods (ST-1 and ST-2) on 
oxygen-free high thermal conductivity Cu (OFHC) block 
with a cooling tube using non defective bonding (NDB) by 
NIPPON TUNGSTEN CO.,LTD. They are simply denoted 
as W(ST-1)/OFHC and W(ST-2)/OFHC, respectively. 
Heat load experiments were performed using the 
active cooling test stand (ACT) at National Institute for 
Fusion Science (NIFS). Uniform electron beam at 30 keV 
was irradiated on the tungsten surface through a beam 
limiter with an aperture of 20mm×20 mm. Figure 1 shows 
the mock-up which is connected to cooling tube in ACT. 
Beam duration during ramp-up, plateau and ramp-down 
were 20, 40 and 0 s, respectively. Heat flux was changed 
from 1 to 14.6 MW/m2. Thermal fatigue tests were also 
carried out for up to 50 cycles at a heat flux of 14.6 MW/m2. 
Surface temperature of the W is measured with an optical 
pyrometer. Temperature of OFHC (down side of interface of 
joint area) is also measured with thermocouples. The 
position measured by thermocouples is 1.5 mm underneath 
of joint area (OFHC part) and 7mm depth from the side 
surface. The heat flux experiments have been carried out 
under the condition that the water flow velocity, pressure 
and temperature were 18.8 m/s, 0.7 MPa and 296 K, 
respectively. After the heat flux experiments, the mock-ups 
were observed with a scanning electron microscope to 
investigate modification such as crack and exfoliation.  
Time evolutions of the electric current through the 
mock-up, temperatures at its surface and OFHC part under 
heat loading showed that the temperatures closely follow the 
changing electric current and temperatures became to be 
steady state. Figure 2(a), (b) show heat flux dependence of 
plateau temperatures measured at the W surface and OFHC. 
It can be seen that the temperatures increased monotonically 
with increasing heat flux except the W surface temperature 
of W(ST-1) at low heat flux. In the case of low heat flux, 
hot spots by electron beam irradiation were formed on the 
W(ST-01) and these hot spots were considered to influence 
temperature measurement using the optical pyrometer. 
Surface temperature of the W(ST-01)/OFHC is always 
lower than that of the W(ST-2)/OFHC; for example, the 
difference between them is about 673 K and 973 K at the 
heat flux of about 8.5 MW/m2, respectively. 
Comparing results of previous experiments1), 
temperature increase of W(ST-1)/OFHC is very low and this 
indicates that jointing between W(ST-1) and OFHC using 
NDB is extremely good. Temperatures difference of OFHCs 
of  W(ST-1)/OFHC and W(ST-2)/OFHC is considered to 
be due to non-uniform temperature distribution of W(ST-2). 
In addition, in the case of W(ST-1)/OFHC, it is 
demonstrated that the mock-up successfully withstood 50 
cycles with heat load of 14.6 MW/m2 at steady state. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. W/OFHC Mock-up in ACT at NIFS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Temperatures as a function of heat flux of W(ST-
1)/OFHC(a) and W(ST2)/OFHC(b) 
 
 
1)Tokunaga, K. et al.:Fusion Engineering and Design,49-
50(2000)371-376  
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